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VERSION WITH MARK INGS TO SHOW CHANGES MADE TO THE CT ATMS 

1 . (Four Times Amended) An illumination optical system having a total 
reflection type light transmitting element, for illuminating a surface to be illuminated, said 
illumination optical system comprising: 

an imaging optical system for forming an image of a light source by use of 
light from the light source : and 

a [light directing] converting optical system for directing light from the light 
source image formed bv said imaging optical system, to the light transmitting element, 
[wherein light incident on the light transmitting element has] said converting optical 
system having a numerical aperture, at [an entrance surface of] the light transmitting 
element side[,] which is [smaller] not greater than a numerical aperture of [light incident on 
said light directing optical system, at an entrance surface of said light directing optical 
system] the light transmitting element . . 

2. (Amended) An illumination optical system having a total reflection 
type light transmitting element, for illuminating a surface to be illuminated, said 
illumination optical system comprising: 
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an imaging optical system for forming an image of a light source upon a 
predetermined plane by use of light from the light source , wherein a luminous intensity 
distribution upon the predetermin ed plane has a distribution of a shape with a central void ; 

[a total reflection type light transmitting element;] and 

a [light directing] converting optical system for directing light from the light 
source image formed bv s aid imaging optical system, to said light transmitting element, 
said converting optica l system being effective to make a luminous intensity distribution 
upon a light entrance surface of said light transmitting element into a distribution of a 
shape without a central void : 

wherein [the numerical aperture of said light directing optical system on the 
light transmitting element side thereof is smaller than the numerical aperture of said 
imaging optical system on the light transmitting element side thereof; and 

wherein a surface to be illuminated by said illumination optical system is 
illuminated with light from the light source as transmitted by said light transmitting 
element] a diameter of flux of ligh t upon the predetermined plane is substantially equal to a 
diameter of flux of light upon the light entrance surface of the light transmitting element 

3. (Amended) An illumination optical system according to Claim 2, 
wherein the light source image formed bv said imaging optical system has an illuminance 
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which is larger in a portion adjacent an optical axis of the light t ranm ,itrin f > than in 

a peripheral portion about the optical axis. 

4. (Amended) An illumination optical system according to Claim 2, 
wherein said imaging optical system includes an elliptical mirror, wherein the light source 
is disposed at one focal point of said elliptical mirror, and wherein the light source image 
[is] formed by said imaging optical system is HgWd at another focal point of said 
elliptical mirror. 

6. (Amended) An illumination optical system according to Claim 2, 
wherein said [imaging] converting optical system includes first and second lens units 
having the same focal distance and being disposed so that a distance between principal 
points of the two lens units becomes equal to the focal distance, and wherein an entrance 
pupil of the first lens unit is disposed substantially in coincidence with the light source 
ima8e fanned by said imaging optical system , while an exit pupil of the second lens unit is 
disposed substantially in coincidence with a light entrance surface of said light transmitting 
element. 



7. (Amended) An illumination optical system according to Claim 2, 
wherein said [imaging] converting optical system includes an optical rod and a lens unit 
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wherein a light entrance surface of the optical rod is disposed substantially in coincidence 
with the light source image formed by said imaging optical system an d wherein one focal 
point position of the lens unit is disposed substantially in coincidence with a light exit 
surface of the optical rod, while another focal point position of the lens unit is disposed 
substantially in coincidence with a light entrance surface of said light transmitting element. 

8. (Amended) An illumination optical system according to Claim 2, 
wherein said imaging optical system includes fly's eye lens and a lens unit, wherein a light 
entrance surface of the fly's eye lens is disposed substantially in coincidence with the light 
source image formed by said imaging optical ^ and wherein one focal point position 
of the lens unit is disposed substantially in coincidence with a light exit surface of the fly's 
eye lens, while another focal point position of the lens unit is disposed substantially in 
coincidence with a light entrance surface of said light transmitting element. 

1 1 . (Amended) An illumination optical system for illuminating a 
surface to be illuminated, with light from a light source and by use of an optical fiber 
bundle, said illumination optical system, comprising: 

an imaging optical system for forming an image of a light source by use of 
light from the light source; and 
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a [light collecting] converting optical system for directing light from the 
light source image formed by said imaging optical mfm,, to the optical fiber bundle [and 
being effective to make small the] , said converting optical system having a numerical 
aperture [thereof] at the optical fiber bundle side which is not greater than a numeral 
aperture of the optical fiber bundle 

12. (Amended) An illumination optical system, for illuminating a 
surface to be illuminated, with light from a light source and bv use of an optical fiber 
bundle, sai d illumination optical system comprising: 

an imaging optical system for forming an image of a light source on a 
predetermined plane, by use of light from the light source , wherein a luminous intensity 
distribution upon the predetermined p la ne has a distribution of a shape with a central void ; 

[an optical fiber bundle;] and 

a [light directing] converting optical system for directing light from the light 
source image formed by said imaging optical system, to said optical fiber bundle, [wherein 
the numerical aperture of said light directing optical system on the optical fiber bundle side 
thereof is smaller than the numerical aperture of said imaging optical system on the optical 
fiber bundle side thereof; 

wherein a surface to be illuminated by said illumination optical system is 
illuminated with light from the light source as transmitted by said optical fiber bundle] said 
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converting optical system being effecti ve to make a luminous intensity distribution np nn a 
light entrance surface of said optical fi b er bundle into a distribution of a shap e without a 
central void: 

wherein a diameter of fl ux of light upon the pred etermined plan* ic 
substantially equal to a diameter of flux o f light upon the light entrance surface of said 
optical fiber bundle . 

13. (Twice Amended) An illumination optical system according to 
Claim 12, wherein the light source image formed bv said imaging optical system has an 
illuminance which is larger in a portion adjacent an optical axis of the light transmitting 
element than in a peripheral portion about the optical axis. 

14. (Amended) An illumination optical system according to Claim 12, 
wherein said imaging optical system includes an elliptical mirror, wherein the light source 
is disposed at one focal point of said elliptical mirror, and wherein the light source image 
[is] formed by said imaging optical s ystem is defined at another focal point of said 
elliptical mirror. 

16. (Twice Amended) An illumination optical system according to Claim 
12, wherein said [imaging] converting optical system includes first and second lens units 
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having the same focal distance and being disposed so that a distance between principal 
points of the two lens units becomes equal to the focal distance, and wherein an entrance 
pupil of the first lens unit is disposed substantially in coincidence with the light source 
ima § e fanned by said imaging optical system, while an exit pupil of the second lens unit i 
disposed substantially in coincidence with a light entrance surface of said optical fiber 
bundle. 



17. An illumination optical system according to Claim 1 2, wherein said 
[imaging] converting optical system includes an optical rod and a lens unit, wherein a light 
entrance surface of the optical rod is disposed substantially in coincidence with the light 
source image formed by said imaging opt ical system, and wherein one focal point position 
of the lens unit is disposed substantially in coincidence with a light exit surface of the 
optical rod, while another focal point position of the lens unit is disposed substantially in 
coincidence with a light entrance surface of said optical fiber bundle. 



1 8. (Amended) An illumination optical system according to Claim 1 2, 
wherein said [imaging] converting optical system includes a fly's eye lens and a lens unit, 
wherein a light entrance surface of the fly's eye lens is disposed substantially in 
coincidence with the light source image formed bv said imaging op t ical system, and 
wherein one focal point position of the lens unit is disposed substantially in coincidence 
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with a light exit surface of the fly's eye lens, while another focal point position of the lens 
unit is disposed substantially in coincidence with a light entrance surface of said optical 



fiber bundle. 



22. (Amended) An illumination optical system having a total reflection 
type light transmitting element, for illum i nating a surfac e to be illuminated **M 
illumination optical system comprising: 

[light directing means for directing light to a predetermined plane, wherein 
the light includes plural light beams to be incident on the predetermined plane at different 
angles; 

a total reflection type light transmitting element; and 

a light directing optical system for directing light from the predetermined 

plane to said light transmitting element, wherein the numerical aperture of the light emitted 

from said light directing optical system is smaller than the numerical aperture of the light 

impinging on the predetermined plane; 

wherein a surface to be illuminated by said illumination optical system is 

illuminated with light from said directing means as transmitted by said light transmitting 

element] 
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a light source for illuminat ing a predetermined plane, wherein a 
luminous intensity distribution upon the p re determined p la ne has a distribution of a shap R 
with a central void: and 

a converting optical syste m disposed between the predetermined 
plane and said light transmitting element for directing lig ht from the light snnrr.e. tn 
light transmitting element, said convert i ng optical system being effective to make a 
luminous intensity distribution upon a l ight entrance surface of said light transmitting 
element i nto a distribution of a shape without a central void; 

wherein a diameter of flux of light upon the predetermined p lane is 
substantially equal to a diameter of flux o f light unon the entrance surface of said 1i P ht 
transmitting element . 

24. (Amended) An illumination optical system according to Claim 22, 
wherein [said directing means] the light source comprises a plurality of laser light sources. 

25. (Amended) An exposure apparatus, comprising: 

an illumination optical system as recited in any one of Claims [1-8 
and 1 1-24] 1.2. 11. 12. 22 and 27 - and 

a projection optical system for transferring, by exposure, a pattern of a mask 
as illuminated with said illumination [optical] system, onto a wafer. 
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